Elephant grass has been proposed for the energy sector as a possible source of renewable energy, because of its high biomass production. The aim of this study was to evaluate the effect of the mineral nutrients nitrogen and potassium on the morpho-agronomic traits (dry mater yield (DMY), percentage of DM (%DM), number of tillers per linear meter (NT), plant height (PH), stem diameter (SD) and leaf blade width (LW)) in different elephant grass genotypes in a randomized-block experimental treatment in a split-plot arrangement with three replications, in which the genotype factor ('Cuban Pinda' -G1; 'IAC Campinas' -G2; and 'Cameroon' -G3) was randomized in the plot, and the N and K factor was randomized in the sub-plot. The increase in nitrogen and potassium doses utilized influenced very little or almost did not influence the response of the three genotypes for the different morpho-agronomic traits assessed. The three genotypes had high number of tillers, height, and stem diameter at the lowest N and K doses, demonstrating a possible trend of high doses not providing a highly significant increase in these traits. The study of DMY showed that under a low nitrogen dose and with increase in potassium concentrations, dry matter yield increased; however, as the nitrogen dose increased in associated with potassium doses, dry matter yield did not augment, but was rather suppressed. The three elephant grass genotypes: 'Cuban Pinda', 'IAC Campinas', and 'Cameroon', had average dry yields of 52.66, 50.60, and 48.57 t ha -1 , respectively. Results are highly promising and prove the possibility of using elephant grass as an alternative source for biomass production.
INTRODUCTION
The tropical-climate conditions of Brazil have characteristics that facilitate production of biomass such as sugarcane bagasse, charcoal, and wood . The tropical climate is very favorable, especially to C4 plants, which have a high plant mass accumulation in a short period, making the use of solar energy efficient. In this regard, the Poaceae family stands out for their greater plant mass production in relation to other plants. Elephant grass is species with great photosynthetic (C4 metabolism) and dry matter accumulation capacities, which make it comparable to sugarcane . This grass has shown tremendous advantages in relation to the other energy sources in research conducted so far (Oliveira et al., 2013) . Elephant grass is highly productive in smaller areas, has a lower production, allows total mechanization, and provides renewable energy, greater carbon assimilation, and increased productivity by increasing the applications of nitrogen and potassium (Santos et al., 2014; Woodard and Sollenberger, 2015) .
Nitrogen is one of the nutrients that most limits the development and biomass production of most Brazilian crops. The adequate management of fertilizers, especially those containing nitrogen, given the deficient availability of this nutrient in the soil, is fundamental for obtaining gains in productivity (Flores et al., 2013) . Thus, it is important to adequate the use of nutrients in the elephant-grass production system so as to optimize the gains in renewable energy. Today, because of the elevated biomass production potential of elephant grass, it is being used in the form of direct combustion, in heat supply, replacing wood or charcoal. This energy source will be able to replace the man-made coal extracted in a predatory manner from native forests, which has caused environmental damage, like siltation and consequent death of several rivers.
Potassium is the second most widely required mineral in quantity by plant species, after nitrogen. It is highly mobile in the plant at any concentration, and it in the cell, in the plant tissue, in the xylem, or in the phloem. Potassium is not metabolized in the plants and binds to easily-reversible organic molecules. Furthermore, it is the most abundant ion in plant cells (Marschner, 1995) . The potassium occurs in ground in two forms: as component of solid phase and as K + ion in the liquid phase, (Meurer, 2006) . Potassium is a macronutrient present in the plants in similar amounts to the nitrogen. The adequate levels for the great growth are between 2 and 5% of the dry weight, depending on the species, the stage of development and the plant"s organ. It has a mobility broad in the plant, as much as between the individual cells, the tissues and in the transportation to long distances too by way of xylem and phloem. It is common for potassium to be redistributed from old leaves to new ones.
Potassium is the second most widely required mineral in quantity by plant 56 species, after nitrogen. It is highly mobile in the plant at any concentration, be it in the 57 cell, in the plant tissue, in the xylem, or in the phloem. Potassium is not metabolized in the 58 plants and binds to easily-reversible organic molecules. Furthermore, it is the most 59 abundant ion in plant cells (Marschner, 1995) .
In plant breeding, associations among traits are important, as they allow for several traits to be improved simultaneously. To meet the demands of producers of charcoal from elephant grass, varieties adapted to the different ecosystems, to generate biomass production, are greatly sought. Characteristics such as faster growth, high yield, high energy efficiency, efficient mineral nutrient use, more uniform distribution of the dry matter production throughout the year, and less or more resistance to pests and diseases are used to discriminate between promising genotypes Santos et al., 2014) .
Given the earlier-stated facts, this study was conducted to evaluate the effect of different nitrogen and potassium fertilization levels on the main morpho-agronomic traits of three elephant grass genotypes.
MATERIALS AND METHODS

Cultivation conditions and genetic materials
The experiment was conducted in the Cattle Unit at the Federal Institute of Science and Technology of Rio de Janeiro State, on Bom Jesus do Itabapoana Campus (UTM 223877 m E and 7660277 m N, 24K zone, 84 m altitude Climate Northwest Fluminense is, according to the classification Köppen, Aw (with hot and rainy summer and dry winters).
The soil was sampled from the 0 to 20 cm layer for particle-size and chemical analyses, and showed the following results: sand, 55.8%; silt,13.6%; clay, 30.6%, pH in H2O, 5.1; P, 3.0 mg dm −3 ; K, 36.0 mg dm −3 ; Na, 0.06 mg dm −3 ; Ca, 84.1 mg dm −3 ; Mg, 31.6 mg dm −3 ; Al, 2.6 mg dm −3 ; H+Al, 47.6 mg dm −3 ; effective CEC, 154.3 mg dm −3 ; CEC at pH 7.0, 199.3 mg dm −3 ; SB, 151.7 mg dm −3 ; base saturation, 68%; and aluminum saturation, 3.0%. The analysis was performed in the Soil Physics Laboratory at the Center for Agricultural Sciences at the Federal Rural University of Rio de Janeiro. The soil was classified a Red-Yellow Ultisol (Embrapa, 2013) .
The experiment was implemented as a randomized-block design, in a split-plot arrangement, with three replications, in which the genotype factor ("Cuban Pinda" -G1; "IAC Campinas" -G2; and "Cameroon" -G3), which originated from the breeding program at UENF, was randomized in the plot, and the N and K factor, in the sub-plot. Four nitrogen fertilization doses (100, 800, 1500, and 2200 kg N ha -1 year -1 of urea) and four potassium fertilization doses (50, 400, 750, and 1100 kg K2O ha -1 year -1 of potassium chloride) were applied on the subplot, with three replications.
The experimental area was formed by nine 54-m rows spaced 1.50 m apart, and each block was formed by 16 experimental units (plots) with 3.0 m linear extension. The grass was harvested twice, at 365-day intervals. The usable area of 2.25 m 2 was obtained by removing 1.50 m from each plot. Stems were planted aligned inside the furrows, with the base of a plant touching the apex of another plant, and subsequently cut and covered with 3 cm of soil.
Planting took place on October 02, 2012. A plot-leveling cut was made on February 12, 2013 (130 days after planting). The 1st harvest for evaluation occurred on February 12, 2014 (365 days after the plot-leveling cut) and the second on February 12, 2015 (365 days after the 1st harvest). The mean of both harvests were used to evaluate the morpho-agronomic traits, to have more consistent numbers for the discussion of results.
Evaluated trais
The dry matter yield (DMY) of the whole plant was estimated as the product between the fresh matter of whole plants (kg), obtained on a digital scale, originating from 2.25 m 2 , by the percentage of dry matter of the whole plant (%DM), obtained from the sampling of these plants; this variable was estimated from samples of whole plants extracted at random among the plants cut from the usable area, and the obtained value (kg/m 2 ) was converted to t ha -1 . The percentage of dry matter of the whole plant (%DM) was estimated in whole-plant samples extracted at random among the plants from the usable area which were weighed and pre-dried in a forced-air oven at 65°C for 72 h (air-dried sample, ADS) and weighed again to obtain the percentage of dry matter of the whole plant (%DM), following the method described by Silva and Queiroz (2002) . After drying, samples were ground (1 mm) through a Wiley mill and packed in bottles. The dry matter contents were obtained by drying the material in a forced-air oven at 105°C for 24 h (oven-dried sample, ODS), and this parameter served as basis to express the dry matter yield in t ha -1 (DMY). The following variables were also determined: average plant height (PH), expressed in meters, measured with a ruler graduated in centimeters from the base of the plant to the apex of erect leaves during the harvest for evaluation, based on the height of five plants from the usable area; number of tillers per linear meter (NT), obtained by counting the number of tillers higher than 70 cm from the usable area of the plot, moments before the harvest for evaluation; average stem diameter at the plant base (SD), expressed in centimeters, taken from five plants from the usable area of the plot, measured 10 cm above the soil level with a digital caliper during the harvest for evaluation; and leaf width (LW), expressed in centimeters, taken from five plants from the usable area of the plot, measured with a millimeter ruler at the middle third of the leaf blade during the harvest for evaluation.
Statistical analysis
Analyses were performed using the Genes (Cruz, 2013) where Yijkl is the observed value referring to genotype i, at nitrogen dose j, at potassium dose k, on block l; µ is the overall mean of the experiment; GI is the effect of genotype i; Bl is the effect of block l; ε(a) = effect of error a, associated with genotype i on block l; Nj is the effect of nitrogen dose j; GiNj = effect of the interaction between genotype i and nitrogen dose j; Kk is the effect of potassium dose k; GiKk is the effect of the interaction between genotype i and potassium dose k; NjKk is the effect of the interaction between nitrogen dose j and potassium dose k; GiNjKk is the effect of the interaction among genotype i, nitrogen dose j, and potassium dose k; and ε(b) is the effect of error b associated with genotype i with nitrogen dose j and potassium dose k on block l. ε(a) and ε(b) ~NID (0, σ 2 ε a,b).
RESULTS AND DISCUSSION
Variance analysis
The results of the analyses of variance for the morphoagronomic traits evaluated involving three genotypes and four nitrogen and four potassium levels showed a significant effect (P<0.05) for dry matter yield (DMY) from all factors and interactions. For percentage of dry matter (%DM) and average leaf width (LW), however, no significant effect was detected (P>0.05) from any factor or interactions, indicating independence among the factors. For the genotype factor, there was no effect on any of the studied traits.
In the analysis of the sources of variation nitrogen and potassium × nitrogen and potassium × nitrogen × genotype interactions, there was a significant effect (P<0.05) on the traits DMY, number of tillers per meter (NT), and plant height (PH). However, there was a highly significant effect (P<0.01) of the sources of variation nitrogen, potassium, and potassium × genotype and potassium × nitrogen × genotype interactions on the morpho-agronomic traits DMY, NT, and stem diameter (SD). Hence, it was observed that the effect of nitrogen fertilization did not influence percentage of dry matter (%DM), NT, SD, or average LW; potassium fertilization did not influence %DM, PH, or average LW of the elephant grass; and the variation in these traits may be due to the genetic factor.
Comparisons between mean of genotypes within the different doses of N and K for each of the evaluated morpho-agronomic traits
The evaluated morpho-agronomic traits DMY, %DM, PH, and LW, described in Table 1 , differed statistically according to Tukey"s test at the 5% probability level at specific N and K doses. The NT and SD traits, however, did not differ statistically.
For the DMY trait, a significant effect was detected by Tukey"s test at the 5% probability level at the N2K1 doses for genotype G1 and also at the N4K2 doses for genotype G2. For the %DM trait, there was an effect for genotype G2 at the N3K4 doses and also for PH and LW at the K4N4 doses, respectively.
The evaluated genotypes (G1, G2, and G3) showed high estimates for DMY at the lowest N and K doses: 48.77, 46.06, and 52.08 t ha -1 , respectively. These estimates differed from those obtained by Rossi (2010) , who found DMY in genotypes "Cuban Pinda", "IAC Campinas", and "Cameroon", of 37.34, 25.67, and 24.71 t ha -1 , respectively, in a period of 10 months under fertilization with 25 kg ha -1 ammonium sulfate and potassium chloride.
With the lower nitrogen fertilization level of 100 kg ha -1 and increasing potassium doses, all genotypes expressed elevated production, though no statistical differences Table 1 . Mean values for the morpho-agronomic traits (dry mater yield (DMY), percentage of DM (%DM), number of tillers per linear meter (NT), plant height (PH), stem diameter (SD)) evaluated in three elephant grass genotypes ("Cuban Pinda" -G1; "IAC Campinas" -G2; and "Cameroon" -G3) under different nitrogen (N1 = 100, N2 = 800, N3 = 1500, and N4 = 2200 kg ha -1 N) and potassium (K1 = 50, K2 = 400, K3 = 750, and K4 = 1100 kg ha -1 K2O) levels, in a time interval of two years, for energy purposes. were found between doses. A different outcome was noted with the increasing interactions of N and K doses, in which yield did not increase, but a statistical difference was found with the N2K1 and N4K2 interaction. Thus, the increased nitrogen and potassium fertilization did not provide an increase in dry matter yield (Table 1) at the N dose of 1000 kg ha -1 in Campos dos Goytacazes -RJ, Brazil.
Doses of K Kg
The study of dry matter yield showed that under low nitrogen supply and with increased potassium doses, DMY increased, but as the nitrogen dose was increased in associated with potassium doses, this yield did not increase but was rather suppressed. Morais et al. (2009) worked with six elephant grass genotypes and a nitrogen dose of 50 kg ha -1 in three crop cycles, each with six months, totaling 18 months, and did not find a significant effect, corroborating the present study, in which no significant statistical difference was observed.
Overall, the genotypes did not differ from each other as to their dry matter production potential in the harvests made with the different nitrogen and potassium doses utilized, demonstrating that they are highly productive.
The average DMY of genotype "Cameroon", of 48.57 t ha -1 was higher than the 38.7 t ha -1 obtained by Santos et al. (2014) with a harvest interval of 300 days, using a N dose of 1000 kg ha -1 . It was also higher than the 24.71 t ha -1 found by Rossi (2010) in genotype "Cameroon" in a period of 10 months and with fertilization with 25 kg ha -1 ammonium sulfate and potassium chloride. Morais et al. (2009) obtained, in Ponta Ubú, Anchieta -ES, Brazil, for the same genotype, 8.17 t ha -1 in the 3rd cycle in 18 months of growth, using less nitrogen fertilization, which is also a lower value than that obtained in our study.
The overall mean for the dry matter percentage (%DM) of the genotypes was 33.21% (Table 1 ) and the lowest value, 31.05%, was obtained in genotype "Cuban Pinda", under N and K doses of 800 and 50 kg ha -1 , respectively. The highest result, however, was found in "IAC Campinas", at the N and K doses of 1500 and 1100 kg ha -1 , respectively. This percentage of dry matter corroborates Rossi (2010) , who used less nitrogen fertilization in a period of 10 months and obtained %DM for genotypes "Cuban Pinda", "IAC Campinas" and "Cameroon" of 35.85, 34.73, and 31.90%, respectively. These values published by Rossi et al. (2014) differ from those obtained by Santos (2013) , who reported an overall mean of 24.72%; the lowest value, 23.22%, found in "Cameroon" at 1500 kg ha -1 N; and the highest, 25.77%, in "Guaçu/IZ.2", at 500 kg ha -1 N, with a harvest interval of 180 days. These data also differed from those reported by Souza- Sobrinho et al. (2005) , who obtained an average %DM of 24.47% with harvest intervals shorter than 100 days.
Santos (2013) evaluated the chemical composition of elephant grass cv. "Roxo", "Guaçu/IZ.2", "Cameroon", and "Cana D"África" and found an average %DM of 19.7 and 24.72%, respectively, whereas in this study an average of 33.21% was found for the three genotypes (Table 1) . The observed dry matter contents, as compared with the results, confirm that the dry matter increases when the interval between harvests is increased, due to the increased stem diameter, and plant height.
The dry matter content of observed compared with the results confirm that there is an increase of dry matter when the cutting interval increases, due to increased stem diameter, and plant height.
For NT, the genotypes did not differ statistically with the different N and K doses. The overall mean of the trait NT of the genotypes was 24.59 (Table 1 ) and the lowest obtained value was 20.52, referring to genotype "Cuban Pinda", with N and K doses of 1500 and 400 kg ha -1 , respectively, while the highest value, 33.94, was obtained with genotype "IAC Campinas" at the N dose of 800 and 1100 kg ha -1 K. Genotypes had higher tillering with the lowest N and K doses, demonstrating a possible trend for high doses to not increase the number of tillers.
Mean values for NT were similar to those found by Santos et al. (2014) , who observed 28.43, 23.00, and 30.58 in genotypes "Guaçu/IZ.2", "Cameroon-Piracicaba", and "Cana D"África", respectively, in the second harvest, with a harvest interval of 10 months, using a lower N dose of 1000 kg ha -1
. Our values were also close to those obtained by Oliveira et al. (2013) , whose cv. "Guaçu/ IZ.2", "Cameroon-Piracicaba", "Cana D"África", and "Cuban" showed 28, 28, 23, and 24 tillers per meter, respectively, in a six-month interval, also using a lower nitrogen fertilization dose. According to and Daher et al. (2014) , the traits number of basal and aerial tillers per meter have high heritability, indicating little or no influence of the environment on the variability among the studied genotypes. The higher yield coincides with the higher number of tillers per area and plant height.
Concerning PH, only genotype "IAC Campinas" differed statistically from the others, standing out in relation to "Cuban Pinda" and "Cameroon" at the N4K4 dose utilized, with the respective value of 3.19 (Table 1 ). The height of genotype "Cameroon" varied negatively with the increasing nitrogen and potassium levels; therefore, fertilization might have suppressed the height of this genotype, though this trait is known to possibly be due to the genetic factor.
Elephant grass varieties can reach great heights depending on climate and management conditions. Kannika et al. (2011) evaluated the height of elephant grass with different harvest intervals and found that at 12 months of age the grass reached 5 m. Oliveira et al. (2013) , found an average genotype height of 1.88 m with a cycle of six months. In this study, the average height was 3.02, with a 12-month cycle. According to Xia et al. (2010) , this variable is positively correlated with yield.
Analyzing the SD values, the overall mean of the genotypes was 1.45 cm (Table 1) ; the lowest value of 1.33 was found for genotype "Cuban Pinda" at the N dose of 800 kg ha -1 and K dose of 50 kg ha -1 ; and the highest, 1.62 cm, for genotype "IAC Campinas", with the N and K doses of 2200 and 1100 kg ha -1 . Santos (2013) obtained, for genotype "Cameroon", higher values: 1.80, 1.86, 1.82, 1.92, and 1.79 cm at the N doses of 0, 500, 1000, 1500, and 2000 kg ha -1 , respectively, while the lowest value, 1.52 cm, was found in genotype "Cana D"África", at the N level of 500 kg ha -1 . For the leaf width (LW) trait, there was a significant effect on genotype "IAC Campinas", whose mean value was 4.75 cm at the N dose of 2200 and 1100 kg ha -1 K and on "Cuban Pinda" and "Cameroon", which showed the lowest LW: 4.12 and 4.09 cm, respectively (Table 1) .
Genotype "IAC Campinas" responded positively to the K dose of 1100 kg ha -1 and the N increase. Santos (2013) , adopting a harvest interval of 180 days, found a LW of 6.16 cm at the N dose of 1500 kg ha -1 , which shows that the harvest interval can influence the width of elephant grass leaves.
Regression analysis for the evaluated morphoagronomic traits for the three elephant grass genotypes
The aspects of the most representative biometric models (1st degree, 2nd degree, and lack of regression) are represented in Table 2 and Figures 1 to 3 , which show the mean square estimates for the sources of variation due to regression and deviations and the regression graphs, respectively, for the three elephant grass genotypes.
For the DMY involving the three elephant grass genotypes, a significant 1st-degree linear effect was observed as a result of K doses within N1 for genotype "Cuban Pinda" and a 2nd-degree linear effect within N4 and N2 for genotypes "IAC Campinas" and "Cameroon", with the respective coefficients of determination of 36.54, 91.81, and 93.34%, respectively (Table 2) . Santos (2013) found an average yield of 26.74 t ha -1 in three elephant grass cultivars ("Guaçu/IZ.2", "Cameroon-Piracicaba", and "Cana D"África") and three harvest cycles under two nitrogen fertilization doses (500 and 1000 kg ha -1 N). Quesada (2005) obtained, in eight months of growth, DM values of up to 30 t ha -1 in "Cameroon" genotypes without application of N fertilizer. Morais et al. (2009) found, in 18 months of growth, 44.7 t ha -1 DM from genotype "Cameroon" with application of 50 kg ha -1 N. These results confirm the good selection of elephant grass varieties that has been performed aiming at high biomass production and at its use as an alternative energy source (Quesada, 2005) , thereby providing positive results that potentiate the use of elephant grass as an alternative energy source by the direct biomass combustion.
In evaluating the DMY, as shown in Table 2 , a significant effect of nitrogen doses (N1, N4, and N2) was observed on genotypes "Cuban Pinda", "IAC Campinas", and "Cameroon", respectively. The highest N and K doses provided the highest estimated DMY for all genotypes. There was also an increase in DMY as the K doses were elevated, regardless of N (Figure 1) .
In their study in the experimental area of IFES, Alegre -ES Campus, in the 2012 to 2013 period, Santos (2013) demonstrated a trend towards increased dry matter yield of elephant grass as the nitrogen doses were increased. The ratio of kilograms of N per ton of dry matter produced confirms the behavior of this trend, up to the limit at which N depresses this productivity, since the three cultivars ("Guaçu/IZ.2", "Cameroon-Piracicaba", and "Cana D"África") ) in Brachiaria grass grown on a Red-Yellow Latosol (Hapludox) and found that under low potassium supply, the response to nitrogen fertilization was limited. However, the effect of nitrogen fertilization on dry matter yield was not significant, and this effect was not deeply influenced by the application of potassium, suggesting that with low potassium and nitrogen supply, the plant response was higher, but with the increase in potassium fertilization there was no marked response to nitrogen fertilization. Oliveira et al. (2015) , found an average dry matter yield in six genotypes of 35.03 t ha -1 year -1
, with a 10-month cycle, showing that the results found in this study are higher, which indicates that fertilization provided an increase in dry matter yield.
The overall mean for percentage of dry matter (%DM) trait of the genotypes as a function of the N and K doses was 32.88% (Table 2) . This dry matter percentage corroborates the results obtained by Souza Sobrinho et al. (2005) , who found an average of 24.47%, with intervals shorter than 100 days.
The estimates for the 1st-and 2nd-degree linear models applied to the mean values of NT involving the three elephant grass genotypes referring to the two-year crop cycle are shown in Table 2 and Figure 2 . In the regression analysis for the trait NT, it was found that the genotype which showed regression was "IAC Campinas" at the N4 dose, whose coefficient of determination was R 2 = 83.13% at the 5% significance level by the "F" test. The best-fitting model was the 1st-degree type.
Genotype "IAC Campinas" showed a higher NT, estimated at 23.53, with the highest N dose, differing from genotypes "Cuban Pinda" and "Cameroon", whose NT were 28.82 and 22.75, respectively, under the same dose. Among the N doses, genotype "Cameroon" manifested a reduced number of tillers, 22.75, with the highest N dose, 2200 kg ha -1 .
The obtained values for NT did not differ from those found by Santos et al. (2014) , who observed for the cv. "Guaçu/IZ.2", "Cameroon-Piracicaba", and "Cana D"África", in the 2nd harvest, the respective values of 28.43, 23.00, and 30.58 in a 10-month interval under a lower N dose; they also did not differ from those obtained by Oliveira et al. (2013) , whose cultivars "Guaçu/ IZ.2", "Cameroon-Piracicaba", "Cana D"África", and "Cuban Pinda" showed 28, 28, 23, and 24 tillers per meter, respectively, in a sixmonth interval, also using lower doses of nitrogen fertilization. According to , the traits number of basal and aerial tillers per meter showed high heritability, demonstrating little influence of the environment on the variability among clones. The higher productivity coincides with the higher number of tillers per Table 2 . 1st-and 2nd-degree linear regression models for the morpho-agronomic traits (dry mater yield (DMY), percentage of DM (%DM), number of tillers per linear meter (NT), plant height (PH), stem diameter (SD)) of three genotypes ("Cuban Pinda" -G1; "IAC Campinas" -G2; and "Cameroon" -G3) under four nitrogen levels (100, 800, 1500, and 2200 kg ha -1 N) and four potassium levels (50, 400, 750, and 1100 kg ha -1 K2O) and two years of growth. area and plant height. The estimates for the 1st-and 2nd-degree linear models applied to the mean values for PH involving three elephant grass genotypes referring to the two-year crop cycle are described in Table 2 and Figure 3 . For this variable, there was no model fit for genotypes "IAC Campinas" and "Cameroon", which showed no regression, while "Cuban Pinda" showed a 1st-degree regression, with R 2 = 56.33%. As reported by Oliveira et al. (2015) , in regression analysis of PH, "Guaçu/IZ.2" did not obtain regression and for "Cameroon-Piracicaba", the best-fitting regression model was the 2nd-degree type, with a coefficient of determination of R 2 = 41.93% at the 1% significance level by the "F" test.
GEN
In the analysis of the average height (PH) trait, genotypes "IAC Campinas" and "Cameroon" did not differ statistically across the nitrogen doses. The growth of genotype "Cameroon" with increasing potassium and nitrogen doses did not influence PH, demonstrating that neither element provided a highly significant increase in Number of tillers per meter grass with different harvest intervals and found that at 12 months of age the grass had reached 5 m. Oliveira et al. (2013) found that the average of the studied genotypes was 1.88 m, at 24 weeks. In our study, the average height was 3.02 cm, with a 12-month cycle. According to Xia et al. (2010) and Menezes et al. (2015) , this variable is positively correlated with dry matter yield. The estimates for the 1st-and 2nd-degree linear models applied to the mean values for SD involving three elephant grass genotypes referring to the two-year crop cycle are shown in Table 2 . Analyzing the average SD, genotypes "Cuban Pinda" and "Cameroon" showed no regression for the N and K doses. For the N3 dose, genotype "IAC Campinas" displayed a 2nd-degree regression, with R 2 = 90.0%, at the 5% significance level by the "F" test.
Genotype "IAC Campinas" differed from genotypes "Cuban Pinda" and "Cameroon" at the N3 dose. With the lower N and K doses, the genotypes already showed an increase in stem diameter. According to Oliveira et al. (2015) , for the genotype "Cuban Pinda", the model that best fit was the 2nd-degree model, with a coefficient of determination of R 2 = 18.62%, at the 5% significance level by the "F" test. For genotype "Cameroon-Piracicaba", the 1st-degree model had the best fit, with 24.03% at the 5% significance level by the "F" test.
Studying the stem diameter and number of basal tillers per meter, observed the existence of high heritability. However, heritability estimates are part of the set of genotypes evaluated and of a certain environmental condition. In a small-sized Pennisetum clone, researchers (Silva and Rocha, 2010; observed 98% heritability for stem diameter and 83% for number of tillers, because the lower genetic variation found for these clones indicates that a large part of phenotypic variability has genetic causes.
Estimates for the 1st-and 2nd-degree linear models applied to leaf width involving the three elephant grass genotypes are shown in Table 2 . There was no model fit for the genotypes that showed no regression.
Conclusions
The three genotypes higher number of tillers, height, and stem diameter with the lowest N and K doses, showing a possible trend of elevated doses not providing a highly significant increase in these traits.
The study of dry matter yield showed that under low nitrogen doses and with increased potassium doses, dry matter yield increased; however, as the nitrogen level was increased in associated with potassium doses; this production did not increase but was rather suppressed.
The three elephant grass genotypes, "Cuban Pinda", "IAC Campinas", and "Cameroon", obtained average yields of 52.66, 50.60, and 48.57 t.ha -1 , respectively. These results are quite promising and prove the possibility of using elephant grass as an alternative source for biomass production.
